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DOI: 10.1039/c1jm13891jNanostructured Cu2Sb @Cmaterial was prepared through a simple
polyol approach. Hollow Cu2Sb@C core–shell nanoparticles were
obtained by controlling the amount of CuCl2 and time of replace-
ment reaction. The hollow Cu2Sb@C nanoparticle electrode showed
excellent cycling performance.Lithium ion batteries are well-established on the market, powering
electronic devices such as camcorders, laptop computers and mobile
phones. However, carbonaceous materials show low insertion/
removal capacity and poor rate capacity, so further developing
lithium-ion batteries with high capacities and reliable safety, espe-
cially in the development of large-scale lithium-ion batteries in electric
vehicles, is urgent.1 Although Sb-based oxide materials have recently
received increasing attention as alternatives to carbon/graphite for
lithium ion batteries due to the high specific capacity (660 mA h g1)
and safety,2 the practical uses of Sb-based materials as negative
electrodes in lithium-ion batteries are still hindered by two major
problems: the high initial irreversible capacity and severe volume
changes (>150%) during Li insertion/extraction processes.3 Different
approaches have been described to overcome this problem: alloys
such as InSb,4 Cu2Sb,
5 SnSb,6 and so forth, in which structural
similarity has been pointed out; composites such as SnSb/CNT and
Sb/Sb2O3 also have good reversible specific capacity.
7 Recent studies
reported in the literature have been mainly focused on synthesizing
core–shell composites by template synthesis and other high temper-
ature thermal decompositionmethods. Several steps are needed to get
the products and also it is difficult to obtain small hollow core–shell
nanoparticles (<40 nm).8
By far, there is little literature about the synthesis of hollow
Cu2Sb@Ccore–shell nanoparticle electrodes for lithium ion batteries.
This arrangement has several advantages, indicating possible
improvements in cycle performance compared to traditional
Sb-based materials. First, both the small particle diameter (25 nm)
and hollow core allow for better accommodation of large volumeaDepartment of Chemistry, College of Chemistry and Chemical
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This journal is ª The Royal Society of Chemistry 2011changes. Second, the carbon coating layer can prevent the small
Cu2Sb nanoparticles agglomerating to form large particles.
In this communication, we report facile synthesis of a hollow
Cu2Sb@C core–shell nanocomposite using a simple solvent-thermal
approach, without template removal or further high-temperature
calcination. It is amazing to find that hollow Cu2Sb@C core–shell
nanoparticles circumvent volume changes effectively during charge–
discharge process, as they can accommodate large strain and provide
good electronic conduction, showing a relatively high capacity and
excellent cyclability as anodes for lithium ion batteries.
Fig. 1a shows theXRDpattern of the hollowCu2Sb@C core–shell
nanocomposite. The pure Cu2Sb phase (JCPDS No: 01-087-1176)
can be found in the XRD pattern, whose peaks are at 26.62, 34.93,
31.60, 43.58, 45.29, 53.18 and 54.67.5,9 No peaks of impurities
are seen in this pattern, indicating the complete replacement of SbFig. 1 X-Ray diffraction pattern (a) and room-temperature Raman
spectrum (b) of hollow Cu2Sb@C core–shell nanoparticles.































































View Onlinenanoparticles by copper. With a close examination of the peaks at
26.60, it could be found that this peakmay be attributed to a carbon
phase. Fig. 1b shows the Raman scattering of the sample prepared as
above. It shows clearly two peaks at 1327 cm1 and 1587 cm1, which
were attributed to the typical disordered band (Dband) and graphene
band (G band) of carbon. The peaks are very broad, indicating the
carbon structure is not well crystallized. To further examine the
carbon, the intensity ratio of the D band to the G band (ID/IG),
indicative of the graphitization degree, is calculated. The ID/IG value
of hollow Cu2Sb@C nanoparticles is 0.98, compared to the ID/IG
value of fully graphitized carbon of 0.09.10This result also proved the
coating layer is amorphous carbon, which gave a buffer space to
volume expansion and improved the conductivity of the
nanoparticles.
Fig. 2 shows SEM image (a), TEM (b) and HRTEM image (c) of
hollow Cu2Sb@C core-shell nanoparticles. As shown in Fig. 2a the
as-prepared Cu2Sb@C samples exhibit sphere-shaped and mono-
disperse particles. Fig. 2b shows that most of nanoparticles are
hollow cores, with the mean sizes of 25 nm. The insert images areFig. 2 SEM image (a), TEM (b) and HRTEM image (c) of hollow
Cu2Sb@C core-shell nanoparticles.
18518 | J. Mater. Chem., 2011, 21, 18517–18519selected areawith all hollowCu2Sb@Cnanoparticles. Fig. 2c displays
the distance between adjacent lattice plane is measured about
0.62 nm, which is in good agreement with the d-spacing values of the
(001) plane of Cu2Sb (0.61 nm; JCPDS No: 01-087-1176).
The possible mechanism for the formation of hollow Cu2Sb@C
nanoparticles evolved from Sb nanoparticle is shown in Scheme 1.
The Sb particles undergo nucleation and growth around the entire
surface stabilized by PVP. As time passes, Sb particles are gradually
consumed, and the growth rate decreases because of the narrowing
concentration gap between the molecules in the medium and the
equilibrium value needed for growth.11 Ostwald ripening occurs as
Cu2Sb around the surface of the Sb forms a shell around Sb. If CuCl2
still exists, etching does not cease until the Sb core has vanished,
finally leaving Cu2Sb.
12 During the process of etching, sucrose was
added and carbonized at the surface of Cu2Sb. Only hollow
Cu2Sb@C composite contains the final products, with evident hollow
cores. The particle size does not changemuch from the Sb template to
the final Cu2Sb structure because the total mass does not vary much.
Fig. 3a shows the voltage vs. capacity profiles of hollow Cu2Sb@C
core–shell nanoparticles electrode with different cycle number. The
first discharge curve shows a short plateau at around 1.5 V and a long
plateau in the region of 0.8 V to 0.7 V, which represent solid elec-
trolyte interphase (SEI) formation reaction and Li-insertion reaction
of Cu2Sb to Li3Sb, respectively.
13 The first discharge capacity of the
hollow Cu2Sb@C core–shell nanocomposite electrode is 611.0 mA h
g1, a value barely exceeding the theoretical value, this being caused
by a high voltage irreversible process. The corresponding charge
profile exhibits an unambiguous plateau centered on 1.1 V, associated
with the main dealloying process with a specific capacity of 376.6 mA
h g1. It should be noted that the hollow Cu2Sb@C core–shell
nanocomposite electrode showed a low initial coulomb efficiency of
approximately 61.6%, possibly associatedwith formation of SEI films
on the electrode and numerous pores of the core–shell Cu2Sb@C
materials. A large specific area of the electrode can consume much
capacity for the formation of SEI films. Some Li+ are trapped in the
holes, this also leads to a large irreversible capacity.14
Fig. 3b shows the specific capacity as a function of the cycle
number for the hollow Cu2Sb@C core–shell nanoparticle electrode.
At the 100th cycle, the discharge capacity of the hollow core–shell
Cu2Sb @C nanoparticle electrode was 384.8 mA h g
1, and the
capacity of the electrode dropped to 218.8 mA h g1 at the 300th
cycle. But the discharge capacity of a Sb@C nanoparticle electrodeScheme 1 Schematic diagram for the formation of Cu2Sb@C nano-
particles evolved from Sb nanoparticles.
This journal is ª The Royal Society of Chemistry 2011
Fig. 3 (a) Charge–discharge curves of hollow Cu2Sb@C core–shell
nanoparticle electrodes. (b) Electrochemical performance of the hollow
Cu2Sb@C core–shell nanoparticles. The inset in (b) represents 300 cycles






























































View Onlinewas only 148.7 mA h g1 at the 150th cycle (see Fig. S2†). These
results illustrated that the improvement in electrochemical perfor-
mance, in terms of lithium storage capacity and cycling performance,
should not only be attributed to the carbon coating layers outside the
alloy particles, but also the hollow core–shell type morphology and
small size.15
In summary, we have synthesized hollow Cu2Sb@C core–shell
nanocomposite successfully by controlling the amount of CuCl2
and time of replacement reaction. Hollow Cu2Sb@C core–shellThis journal is ª The Royal Society of Chemistry 2011nanocomposite showed excellent cycling performance, because the
drastic volume change of Cu2Sb alloy particles was effectively sup-
pressed by the carbon layer and numerous pores during the charge–
discharge reaction.Therewas still a unique drawback: the remarkably
increased initial irreversible capacity caused by the trapped Li+ in
defects of amorphous carbon films or small pores. So, further efforts
will bemade tocopewith theseproblemssoas toexploit theirpotential
application in commercial lithium ion batteries.
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